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Systematic Review
Type and Timing of Rehabilitation Following
Acute and Subacute Spinal Cord Injury:
A Systematic Review
Anthony S. Burns, MD, MSc1, Ralph J. Marino, MD2,
Sukhvinder Kalsi-Ryan, PhD3, James W. Middleton, MBBS, PhD4,
Lindsay A. Tetreault, PhD3, Joseph R. Dettori, PhD, MPH5,
Kathryn E. Mihalovich, BS5, and Michael G. Fehlings, MD, PhD, FRCSC, FACS3
Abstract
Objectives: The objective of this study was to conduct a systematic review of the literature to address the following clinical
questions: In adult patients with acute and subacute complete or incomplete traumatic SCI, (1) does the time interval between
injury and commencing rehabilitation affect outcome?; (2) what is the comparative effectiveness of different rehabilitation stra-
tegies, including different intensities and durations of treatment?; (3) are there patient or injury characteristics that affect the
efficacy of rehabilitation?; and (4) what is the cost-effectiveness of various rehabilitation strategies?
Methods: A systematic search was conducted for literature published through March 31, 2015 that evaluated rehabilitation
strategies in adults with acute or subacute traumatic SCI at any level. Studies were critically appraised individually and the overall
strength of evidence was evaluated using methods proposed by the GRADE (Grades of Recommendation Assessment, Devel-
opment and Evaluation) working group.
Results: The search strategy yielded 384 articles, 19 of which met our inclusion criteria. Based on our results, there was no
difference between body weight–supported treadmill training and conventional rehabilitation with respect to improvements in
Functional Independence Measure (FIM) Locomotor score, Lower Extremity Motor Scores, the distance walked in 6 minutes or
gait velocity over 15.2 m. Functional electrical therapy resulted in slightly better FIM Motor, FIM Self-Care, and Spinal Cord
Independence Measure Self-Care subscores compared with conventional occupational therapy. Comparisons using the Toronto
Rehabilitation Institute Hand Function Test demonstrated no differences between groups in 7 of 9 domains. There were no
clinically important differences in Maximal Lean Test, Maximal Sidewards Reach Test, T-shirt Test, or the Canadian Occupational
Performance Measure between unsupported sitting training and standard in-patient rehabilitation.
Conclusion: The current evidence base for rehabilitation following acute and subacute spinal cord injury is limited. Methodo-
logical challenges have contributed to this and further research is still needed.
Keywords
spinal cord injuries, rehabilitation
Introduction
Spinal cord injury (SCI) often leads to profound motor, sensory
and autonomic impairments, which are associated with func-
tional limitations, reduced participation in daily activities, and
altered quality of life (QoL). For individuals with a severe SCI
and limited potential for neurorecovery, rehabilitation
approaches focus on utilizing compensatory techniques to opti-
mize function. As our understanding of SCI and associated
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mechanisms of recovery (eg, principles of motor control,
activity-dependent neuroplasticity) continue to grow, there is
an increasing emphasis on the restoration of function through
the remediation of underlying impairments. The selection of
restorative and/or compensatory techniques is affected by the
severity of SCI.
The rehabilitation of individuals with SCI can be divided
into 3 phases: acute, subacute, and chronic. While there has
been variability in the definition and temporal demarcation of
these phases, the acute and subacute periods, when combined,
generally correspond with the natural history of neurorecovery
(12-18 months postinjury), while the chronic phase is the
period when neurorecovery has plateaued.1,2 Rehabilitation
during the acute and subacute phases focuses on preventing
secondary complications, promoting and enhancing neurore-
covery, maximizing function, and establishing optimal condi-
tions for long-term maintenance of health and function. In the
chronic phase, compensatory or assistive approaches are often
used, whereas in the acute and subacute phases, there is a
greater emphasis on techniques that address underlying impair-
ments and promote neurorecovery.
Given our enhanced insight into the mechanisms of recovery
and the benefits of rehabilitation,3 it is important to understand
and synthesize existing evidence on specific rehabilitation
approaches. A systematic appraisal of the evidence base will
inform clinical decision making and highlight current knowl-
edge gaps that require additional investigation. The objectives
of this systematic review are to address the following key
questions: In adult patients with acute or subacute traumatic
SCI,
1. does the time interval between injury and commencing
rehabilitation affect outcome?
2. what is the comparative effectiveness of different reha-
bilitation strategies, including different intensities and
durations of treatment?
3. are there patient or injury characteristics that affect the
efficacy of rehabilitation?
4. what is the cost-effectiveness of various rehabilitation
strategies?
Materials and Methods
Electronic Literature Search
A systematic search was conducted in MEDLINE, the
Cochrane Collaboration Library, and Embase for literature
published through March 31, 2015. The search results were
limited to human studies that included an abstract. Reference
lists of key articles were also systematically checked to identify
additional eligible articles. Studies were included if they were
on adult patients who underwent rehabilitation therapy for
acute or subacute traumatic SCI at any level or severity (Amer-
ican Spinal Injury Association Impairment Scale [AIS] Grade
A-D).4 For questions 1 and 2, we sought comparative studies
with concurrent controls. Severity of impairment in patients
with SCI is a well-known factor that is associated with out-
come.5-8 Impairment severity following SCI may also influ-
ence clinical decision making about the timing, duration,
intensity, and type of rehabilitation. Therefore, we included
randomized controlled trials (RCTs) or nonrandomized obser-
vational studies that controlled for SCI severity as measured by
baseline motor status or complete versus incomplete impair-
ment. Timing, duration, and intensity can be reported as para-
meters that quantify the dose of rehabilitation therapy or as
factors affected by injury severity. We searched for studies that
evaluated the effect of rehabilitation timing, durations, and
intensities on outcomes. Studies were excluded if they
addressed these questions through retrospective correlation of
these rehabilitation parameters with outcomes.
For question 3, studies were included if they evaluated impor-
tant predictors of outcome(s) following rehabilitation, while also
controlling for baseline severity. Factors of interest included
patient (eg, age, sex, marital status, and education level) and
injury-related factors (eg, AIS grade, neurological level, cause,
and severity of injury). Relevant outcomes included neurological
outcomes, performance in activities of daily living (ADLs),
ambulation outcomes, QoL, and rates of mortality, rehospitali-
zation, and secondary complications (eg, pressure ulcers).
Exclusion criteria were pediatric or pregnant patients, studies
with a follow-up rate <70%, populations with >40% of patients
presenting with nontraumatic SCI, and patients with cord com-
pression due to tumor, hematoma, or degenerative disease. Other
exclusions were studies with less than 10 patients per treatment
group (questions 1 and 2) or less than 20 patients in total (ques-
tion 3); animal, biomechanical, or cadaveric studies; and editor-
ials, reviews, and case reports. In addition, studies were excluded
if they involved neural prosthetics or explored single therapies
such as speech/language, pharmacological, or respiration/
breathing training that were not used in conjunction with a
physical rehabilitation strategy. To address question 4 on cost-
effectiveness, we searched for economic studies that evaluated
and synthesized costs and consequences of SCI rehabilitation
strategies (ie, cost-minimization, cost-benefit, cost-
effectiveness or cost-utility) (Table 1).
Data Extraction
The following data was extracted from articles included in
questions 1 and 2: study design, patient demographics,
follow-up duration and percent follow-up, baseline neurolo-
gical or trauma severity, level and type of injury, surgical
characteristics, rehabilitation strategy and/or timing, details
of rehabilitation, and outcomes, including neurological status,
functional impairment, and safety (Table 2). The following
data was extracted from articles included in question 3: study
design, funding, purpose, inclusion and exclusion criteria,
patient demographics, follow-up duration, percent follow-
up, and potential predictors of patient outcomes. Outcomes
of interest included neurological impairment, as measured by
Frankel or AIS grades; functional status, evaluated by Func-
tional Independence Measure (FIM) or ambulatory capacity
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(eg, walking speed, distance, etc); patient safety and well-
being, assessed by frequency of complications and QoL; and
various other factors such as rehospitalization.
The risk of bias for each article was evaluated using criteria
adopted by The Journal of Bone and Joint Surgery9 for ther-
apeutic studies and modified to delineate criteria associated
with methodological quality and risk of bias based on
recommendations made by the Agency for Healthcare
Research and Quality (see supplemental material for risk of
bias evaluation, available in the online version of the article).10
The overall body of evidence with respect to each primary
outcome was determined based on precepts outlined by the
Grades of Recommendation Assessment, Development and
Evaluation (GRADE) Working Group.11,12 The initial strength
Table 1. Inclusion/Exclusion Criteria.
Inclusion Exclusion
Patients  Adults with acute or subacute traumatic spinal cord
injury at any level
 Undergoing rehabilitation therapy
 ASIA grade A-D (or comparable)
 Pediatric patients
 Pregnancy
 Cord compression due to tumor, hematoma, or
degenerative disease
 ASIA E (or comparable)
 Nontraumatic etiology >40%
 Follow-up <70%
Intervention
(KQ1 and 2)
 KQ1: Earlier implementation of rehabilitation therapy
 KQ2: Different rehabilitation strategies
KQ2: neural prosthetics, cell therapy, spinal cord stimulators,
speech/language therapy only, pharmacological therapy only,
respiration/breathing therapy only
Comparison  KQ1: Delayed initiation of rehabilitation therapy
 KQ2: Different rehabilitation strategies
Predictive Factors
(KQ3)
 Patient characteristics (eg, age, sex, race, body mass
index, marital status, education level, vocational status)
 Injury characteristics (eg, level, cause, and/or severity of
injury; neurologic and functional status at admission;
surgical stabilization)
Outcomes Efficacy/effectiveness
 Neurologic outcomes (eg, ASIA, ASIA Impairment
Scale)
 Functional outcome: patient- or physician-reported
outcome (eg, Functional Independence Measure,
functional performance)
 Muscle strength
Safety
 Complications
 Mortality
 Rehospitalization
Cost data
 Incremental cost-effectiveness ratio (or a similar cost-
effectiveness metric comparing treatment costs and
effectiveness)
 Muscle/nerve activity (electromyography)
 Muscle/skeletal composition
 Physiological outcomes (VO2max, peak work, etc)
 KQ4: costs only, utilities only, differences in outcomes
only
Study design  KQ1: Comparative studies comparing early with
delayed initiation of rehabilitation therapy, controlling
for injury severity
 KQ2: Comparative studies comparing different
rehabilitation therapies, controlling for injury severity
 KQ3: Cohort studies assessing important predictors of
outcomes following rehabilitation, while controlling for
injury severity
 KQ4: full economic studies
 In vitro biomechanical studies
 Animal studies
 Cadaveric studies
 Case series
Publication  Studies published or translated into English in peer-
reviewed journals
 Abstracts, editorials, letters
 Duplicate publications of the same study which do not
report on different outcomes
 Single reports from multicenter trials
 White papers
 Narrative reviews
 Proceedings/abstracts from meetings
 Articles identified as preliminary reports when results are
published in later versions
Abbreviations: ASIA, American Spinal Injury Association; KQ, key question.
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C
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p
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b
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.2
%
(1
3
/2
4
)

In
ju
ry
le
ve
l:
C
4
-L
2
4
m
o
n
th
s
(8
0
%
)

Sp
at
ia
l-
te
m
p
o
ra
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d
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p
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p
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n
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at
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p
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at
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p
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b
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p
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p
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h
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C
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at
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b
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b
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ra
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at
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at
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d
el
ec
tr
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p
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p
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of evidence was considered HIGH if the majority of the studies
were RCTs and LOW if the majority of the studies were obser-
vational studies. The body of evidence could be downgraded 1
or 2 levels based on the following criteria: (1) serious risk of
bias, (2) inconsistency of results, (3) indirectness of evidence,
(4) imprecision of the effect estimates (eg, wide confidence
intervals), or (5) non–a priori statement of subgroup analyses.
Alternatively, the body of evidence could be upgraded 1 or 2
levels based on the following factors: large magnitude of effect
or dose-response gradient. The final overall strength of the
body of literature expresses (1) our confidence that the effect
size lies close to the true effect and (2) the extent to which it is
believed to be stable based on the adequacy of or deficiencies
in the body of evidence. An overall strength of “HIGH” means
that we are very confident that the true effect lies close to that
of the estimated effect. A “MODERATE” rating means that we
are moderately confident in the effect estimate; the true effect
is likely to be close to the estimated effect, but there is a
possibility that it is substantially different. An overall strength
of “LOW” means that our confidence in the effect estimate is
limited; the true effect may be substantially different from the
estimate. Finally, a rating of “VERY LOW” means that we
have very little confidence in the effect estimate; the true effect
is likely to be substantially different than the estimated effect.
Analysis and Synthesis
Between-group comparisons were conducted for questions 1
and 2 and stratified by baseline severity when available. For
continuous outcomes, the mean or median change in scores
from the initiation of rehabilitation to follow-up were presented
if available. For outcomes where no data was available at the
initiation of rehabilitation, only follow-up mean or median
scores were compared. Percent improvement from baseline for
dichotomous outcomes is also summarized. For question 3, we
attempted to collect effect sizes (relative risks, hazard ratios, or
odds ratios) in order to assess the magnitude of the association
between various predictors and outcomes; however, reporting
of these was rare. Instead, most authors reported a correlation
or regression coefficient or a P value. Therefore, we simply
indicated whether a prognostic factor was associated with a
specific outcome (no association, association with a negative
outcome or association with a positive outcome). One large
multicenter collaborative investigation (SCIRehab study)
included 6 inpatient rehabilitation facilities in the United States
and reported different associations between various factors and
outcomes, in part due to different modeling strategies. When
this occurred, we displayed both results (ie, that the predictive
factor was associated in one report but not another).
Results
Study Selection and Quality
The search strategy yielded 384 potential articles (Figure 1).
After reviewing the titles and abstracts, we excluded 313
articles and retrieved 71 articles for full text review. A total
of 52 studies were excluded after full text investigation, leaving
19 publications to be included in this systematic review. See
supplemental material for a list of excluded articles. For ques-
tion 1, no comparative studies were identified that evaluated
the association between the timing of implementation and the
effectiveness of a rehabilitation treatment. For the second ques-
tion, 5 studies compared the efficacy of different rehabilitation
strategies. For question 3, we included 14 publications (10
studies) that evaluated important predictors of outcomes fol-
lowing rehabilitation. For question 4, no studies assessed the
cost-effectiveness of different rehabilitation strategies.
Question 1: Timing of Implementation of Rehabilitation. No studies
were identified that directly compared the impact of timing on
the effectiveness of rehabilitation.
Question 2: Rehabilitation Strategies. Five studies compared the
effectiveness of various rehabilitation strategies and were sum-
marized in this review (Table 2).
Two RCTs compared body weight–supported treadmill
training (BWSTT) with conventional overground gait train-
ing.13,14 Dobkin et al13 evaluated whether AIS B, C or D
patients treated with BWSTT would have superior outcomes
compared to a control group receiving defined overground
mobility training of similar intensity (Table 2). Patients were
enrolled within 8 weeks of injury and within 1 week of reha-
bilitation admission and received 12 weeks of treatment. The
BWSTT group had a slightly higher proportion of males, a
higher proportion of cervical injuries and poorer lower extre-
mity motor scores (LEMS) at baseline than the control group.13
Outcomes were assessed at 6 weeks, and at 3-, 6-, and
12-months following rehabilitation. There were no significant
differences between the groups with regard to FIM Locomotor
scores (FIM-L), LEMS, walking velocity or walking distance
at any follow-up (Table 3).13 This study had a moderately
high risk of bias (see supplemental material). Random
Figure 1. Results of literature search
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Table 3. Outcomes Comparing BWSTT With Conventional Rehabilitation.
Authors (Year) Outcome
ASIA B ASIA C/D
Authors’ ConclusionsBWSTT Conventional BWSTT Conventional
Dobkin et al
(2007)
FIM-La
6 weeks (mean +
SD)
1.07 + 0.27 1.06 + 0.24 3.0 + 2.1 3.9+ 2.1 No statistical difference
3 months (mean+
SD)
1.31 + 1.11 1.94 + 1.73 4.7 + 2.1 5.5+ 1.4 No statistical difference
6 months (mean+
SE)
2.0+ 0.6 2.5 + 0.5 5.3 + 0.3 5.6+ 0.27 No statistical difference
12 months (mean
+ SE)
2.7+ 0.7 2.1 + 0.6 5.8 + 0.3 5.6+ 0.32 No statistical difference
LEMSb
6 weeks (mean +
SD)
4.1+ 5.5 4.6 + 6.5 29.1 + 14.2 29.5+ 11.5 No statistical difference
3 months (mean+
SD)
6.1+ 8.6 7.3 + 10.3 34.7 + 13.3 35.7+ 11.3 No statistical difference
Distance walked in 6 min (m)
3 months (mean+
SD)
10.7 + 32 16.4 + 36.3 247.7 + 187.6 251.3+ 203.7 No statistical difference
Timed walk (m/s for 15.2 m)
6 weeks (mean +
SD)
0.11 + NR 0.16 + 0.08 0.69 + 0.40 0.51+ 0.42 No statistical difference
3 months (mean+
SD)
0.41 + NR 0.27 + 0.13 0.85 + 0.55 0.84+ 0.54 No statistical difference
6 months (mean+
SE)
0.22 + 0.07 0.24 + 0.09 0.98 + 0.10 1.09+ 0.10 No statistical difference
12 months (mean
+ SE)
0.25 + 0.08 0.72 + 0.08 1.21 + 0.11 1.09+ 0.10 No statistical difference
Authors (Year) Angular kinematic parameters Mean Differenceb (95% CI)
Lucareli et al
(2011)
DF stance (deg) 0.0 (0.4, 0.4) 0.7 (0.2, 1.1) No statistical difference
PF preswing (deg) 0.0 (1.8, 1.9) 9.7 (11.6, 7.8) BWSTT more effective than
control
Knee extension stance (deg) 1.4 (4.9, 2.1) 1.1 (4.6, 2.4) No statistical difference
Knee flexion swing (deg) 0.4 (4.4, 3.5) 1.5 (2.4, 5.5) No statistical difference
Hip flexion walking (deg) 0.7 (2.7, 4.1) 1.1 (2.3, 4.5) No statistical difference
Hip extension stance (deg) 0.2 (1.4, 1.08) 7.8 (9.1, 6.6) BWSTT more effective than
control
Spatial-temporal parameters
Gait velocity (m/s) 0.4 (0.09, 0.71) 0.02 (0.51, 0.55) BWSTT more effective than
control
Time of gait cycle (s) 0.85 (0.24, 1.46) 0.1 (0.74, 0.54) BWSTT more effective than
control
Stance/duration of supportd (% of cycle) 4.04 (5.45, 2.63) 0.1 (2.05, 1.85) BWSTT more effective than
control
Swing/balance duratione (% of cycle) 3.91 (2.47, 5.35) 0.7 (2.61, 1.21) BWSTT more effective than
control
Step length (cm) 10.25 (8.34, 12.16) 0.5 (1.68, 2.68) BWSTT more effective than
control
Distance (m) 10.75 (3.19, 18.31) 1.8 (4.14, 7.74) BWSTT more effective than
control
Cadence (steps/min) 15.0 (7.94, 22.06) 4.19 (2.94, 11.32) BWSTT more effective than
control
Abbreviations: ASIA, American Spinal Injury Association; BWSTT, body weight–supported treadmill training; DF, dorsiflexion; FIM-L, Functional Independence
Measure–locomotor score; LEMS, lower extremity motor score; NR, not reported; PF, plantarflexion; SD, standard deviation; SE, standard error.
a FIM-L: assesses the amount of assistance a patient requires to walk 50 feet (levels 2 to 5) or 150 feet (levels 6 and 7): level 1 (patient requires total physical
assistance), level 2 (maximum assistance of one person), level 3 (moderate assistance), level 4 (minimal assistance, hands-on contact), level 5 (patient requires
supervision, no physical help), level 6 (independent with equipment), level 7 (no need for assistive devices).
b LEMS: measures the strength of the lower extremities, range 0 to 50, with lower scores indicating greater disability.
cMean difference between preintervention and postintervention for the treatment group; a negative mean was assumed as a loss of motion compared with baseline.
dControl treatment group reported spatial temporal “stance” outcome; BWSTT treatment group reported spatial-temporal “duration of support” outcome.
eControl treatment group reported spatial temporal “swing” outcome; BWSTT treatment group reported spatial-temporal “balance duration” outcome.
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sequencing and allocation concealment were judged to be
appropriate. The authors claimed intent to treat analysis;
however, they randomized 146 patients and subsequently
excluded 29 from the analysis because the patients did not
receive the allocated intervention or were judged to be ineli-
gible after treatment was initiated. Follow-up rate was 71%
at 6 months.
A second RCT by Lucareli et al14 included patients with
traumatic incomplete SCI that occurred within 12 months of
study enrollment. The aim of this study was to compare kine-
matic gait parameters (range of motion and spatial-temporal
variables) between patients treated with BWSTT and those
receiving conventional gait training. Both groups underwent
a total of 30 half-hour training sessions twice a week. The mean
age of the sample was 31.5 years, 58% were males and patients
were classified as either AIS C or D (n ¼ 11, n ¼ 13). Groups
were similar with regard to baseline characteristics.14 Com-
pared with the control group, patients receiving BWSTT
achieved superior improvements in maximum hip extension
during stance (mean difference from baseline: BWSTT:
0.2, Conventional: 7.8; P < .001) and maximum plantar-
flexion during preswing (mean difference from baseline:
BWSTT: 0.0, Conventional: 9.7; P < .001) (Table 3).14
There were no differences between groups with regard to
other range of motion variables, including dorsiflexion stance,
knee extension stance, knee flexion swing and hip flexion
while walking (Table 3). BWSTT was more effective at
improving spatial-temporal gait parameters (gait velocity,
time of gait cycle, stance time/duration of support, swing
time/balance duration, step length, distance, and cadence)
than the control group. This study had moderately low risk
of bias (see supplemental material). Concealed allocation was
documented, but the method of random sequence generation
was not reported. Though the authors claimed intent to treat
analysis, they excluded 3 patients from each group for failure
to attend at least 85% of the training sessions. Follow-up was
80% at 12 weeks.
Two RCTs compared outcomes following functional elec-
trical stimulation (FES) versus conventional therapy. In a study
by Popovic et al,15 patients with incomplete cervical SCI were
recruited within 6 months of injury and either received FES in
addition to conventional occupational therapy or only occupa-
tional therapy. Injury etiology was different between the FES
intervention and the control group: In the FES group, 58%were
injured in a motor vehicle accident compared with only 22% in
the control group. Patients received treatment for 8 weeks and
87.5% had complete follow-up (Table 2). The FES group had
significantly greater improvements on the FIM Motor subscore
(15.0 vs 4.1 points), FIM Self-Care subscore (20.1 vs 10 points)
and Spinal Cord Independence Measure (SCIM) Self-Care sub-
score (10.2 vs 3.1 points) than the control group (Table 4).15
FES was also significantly more effective than the control
therapy at improving 2 of the 9 components of the Toronto
Rehabilitation Institute Hand Function Test: (1) the ability to
hold an instrumented cylinder and (2) the ability to hold a credit
card.15 This study had moderately high risk of bias (see supple-
mental material). The authors did not complete an intent-to-
treat analysis. The authors reported that there were no clinically
significant differences between the 2 groups with respect to
baseline patient characteristics; however, variations in injury
etiology (more motor vehicle accidents in the FES group) may
reflect differences in injury severity. For example, the baseline
FIM self-care, motor, and sphincter subscores were all lower in
the control group, suggesting that patients in the control group
had more severe injuries.
The other RCT compared the effectiveness of FES, biofeed-
back and a combination of these treatments versus conven-
tional strengthening therapy for recovering tenodesis grasp.16
All patients suffered a traumatic SCI and began rehabilitation,
on average, 2.5 to 3.2 weeks after injury. The sample size was
Table 4. Percent Improvement From Baseline Between Patients Treated With FES and Controls.
Authors (Year) Outcome
Baseline Discharge
Authors’ ConclusionsFES Control FES Control
Popovic et al (2011) FIM Motor subscore 7.2 6.8 22.2 10.9 FES more effective than controla
FIM Self-Care subscore 8.1 7.8 28.2 17.8 FES more effective than control
SCIM Self-Care subscore 1.9 3.3 12.1 6.4 FES more effective than control
TRI HFT
10 objects 37.1 27.2 53.8 38.5 No statistical difference
9 rectangular blocks 49.7 29.3 49.7 38.4 No statistical difference
Cylinder (able to hold) 1.0 1.90 1.7 1.33 FES more effective than control
Cylinder (torque, Nm) 0.26 0.26 1.13 2.59 No statistical difference
Credit card (able to hold) 1.0 1.33 1.7 1.41 FES more effective than control
Credit card (force, nm) 4.42 2.67 12.5 8.76 No statistical difference
Wooden bar (able to hold) 0.8 0.63 1.5 0.96 No statistical difference
Wooden bar (thumb direction, length values, cm) 1.67 2.88 10.94 10.5 No statistical difference
Wooden bar (little finger direction, length values, cm) 5.56 3.17 12.78 11.85 No statistical difference
Abbreviations: FES: functional electrical stimulation; FIM, functional independence measure; SCIM, Spinal Cord Independence Measure; TRI-HFT, Toronto
Rehabilitation Institute–Hand Function Test.
aCalculated based on data provided in the article, but not analyzed by Popovic et al (2011).
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small for each group and, as a result, there were differences in
patient characteristics at baseline (Table 2). Injury severity was
less severe in the biofeedback group compared with the other
groups. Patients in the FES group were younger and started
rehabilitation later than the other groups. With regard to out-
comes, there were no significant differences between treatment
groups in terms of tenodesis grasp. The sample size, however,
was small and no summary data was presented.16 This study
had high risk of bias (see supplemental material). The authors
did not report details for intent-to-treat analysis or about con-
cealed allocation. Sixty subjects were initially randomized, but
16 were excluded because they were unsuitable for treatment or
did not complete the treatment sessions. Follow-up rate was
73.3% at 6 weeks (rehabilitation discharge).
One RCT conducted at 2 centers compared outcomes
between patients who received additional training time devoted
to unsupported sitting exercises and those treated with standard
inpatient therapy.17 The purpose of this study was to determine
if additional motor retraining improves a patient’s ability to sit
unsupported. The median time from injury was 11 weeks and
patients received 18 training sessions over 6 weeks. Patients
randomized to the experimental group had higher motor levels
of injury and more severe injuries as evaluated by AIS than the
control group (Table 2). The predetermined “minimally worth-
while treatment effect” was not achieved on any of the outcome
measures, including the SCI Falls Concern Scale, Maximal
Lean Test, and the Canadian Occupational Performance Mea-
sure (Table 5).17 Therefore, there were no added benefits of
unsupported sitting training.17 The study had moderately low
risk of bias (see supplemental material). Control patients at 1 of
the 2 centers received a short duration of unsupported sitting
training in addition to standard rehabilitation. If this extra train-
ing conferred benefit to these control patients, this could
attenuate the between-group differences and increase the pos-
sibility of a type II error. Follow-up rate was 84.4% at 6 weeks
(rehabilitation discharge).
Question 3: Factors That Affect Outcomes Following Rehabilitation.
Ten studies (3 prospective, 7 retrospective) reported in 14
publications evaluated important predictors of outcomes fol-
lowing rehabilitation (Table 6). The most commonly assessed
factors were age, sex, AIS grade at admission, and FIM at
admission. The average age of the patients enrolled in these
studies ranged from 31.8 to 42.1 years and 76.9% to 89.8%
were males. The mean follow-up across studies was 2 to 12
months. Surgical treatment details were not reported in most
studies.
Patient Factors. Older age was an inconsistent predictor of
most outcomes. Two studies reported that older age was asso-
ciated with decreased QoL (Table 7).18,19 Medicaid recipients
consistently had worse performance of ADLs and QoL, and a
higher risk of rehospitalization.19-21 Patients with Workers’
Compensation as the primary payer also had worse QoL out-
comes; however, associations with other reported outcomes
were inconsistent or absent.19,20 One study found that a higher
blood alcohol concentration at acute care admission predicted
worse performance in ADLs, but not other outcomes.22 Four of
the SCIRehab publications19,20,23,24 analyzed the predictive
value of body mass index (BMI) and reported a consistent
association between a high BMI (30 kg/m2 ) and better QoL
outcomes.19,20 A higher educational background was also
related with a positive QoL outcome.19,20
Injury Factors. A lower FIM Motor Score was consistently
associated with diminished independence with ADLs and a
higher risk of pressure ulcers (Table 7).19,20,25 Complete
injuries were related to poorer neurologic and ambulation
outcomes and higher rates of mortality.22,26 Stronger
somatosensory-evoked potential (SSEP) recordings (pudendal
and tibial nerves) were predictive of better ambulation
outcomes.26 Increased time from injury to rehabilitation was
associated with worse ADL and QoL outcomes, but not with
increased risk of rehospitalization or pressure ulcers.19,20,25
Increased injury severity at admission, as reflected by compo-
nents of the International Standards for the Neurological Classi-
fication of SCI (including AIS impairment grade), was an
important predictor of worse performance of ADLs and
Table 5. Outcomes Comparing Training With Unsupported Sitting With Control.
Authors Outcome
Between-Group
Differences
Minimally Worthwhile
Treatment Effect Authors’ Conclusions
Harvey et al (2011) Maximal Lean Test (mm), mean (95% CI) 20 (64, 24) 24 No statistical difference
Maximal Sideward Reach Test (% arm length),
mean (95% CI)
5 (3, 13) 20 No statistical difference
T-Shirt Test (s), mean (95% CI) 8 (5, 20) 14 No statistical difference
SCI Falls Concern Scale (points/64), mean (95% CI) 2 (8, 3) NA No statistical difference
COPM (points/10), median (IQR) 0.5 (0.5, 1.5) 2 No statistical difference
COPM Satisfaction (points/10), median (IQR) 1.0 (2.5, 0.0) 2 No statistical difference
Participants’ impression of change (points/7),
median (IQR)
1.0 (0.0, 2.0) 1 No statistical difference
Clinicians’ impression of change (points/7),
median (IQR)
0.0 (1.0, 1.0) 1 No statistical difference
Abbreviations: CI, confidence interval; COPM, Canadian Occupational Performance Measure; IQR, interquartile range; NA, not applicable; SCI, spinal cord injury.
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ambulation6,19,20,26; however, associations with risk of
rehospitalization or development of pressure ulcers were
inconsistent.19,20
Evidence Summary
There was no difference between BWSTT and conventional
rehabilitation with regard to the FIM-L Score, LEMS Score,
the distance walked in 6 minutes or gait velocity over 15.2 m in
patients with acute SCI. The strength of evidence for these
findings is low. There is low evidence that FES may result in
slightly better FIM Motor, FIM Self-Care and SCIM Self-Care
subscores compared with conventional occupational therapy in
patients with acute cervical SCI (Table 8). Comparisons using
the Toronto Rehabilitation Institute Hand Function Test
demonstrated no differences between groups in 7 of 9 domains.
There were no clinically important differences in Maximal
Lean Test, Maximal Sideward Reach Test, T-shirt Test, or the
Canadian Occupational Performance Measure between unsup-
ported sitting training and standard inpatient rehabilitation. The
evidence for this conclusion is low.
Discussion
Rehabilitation improves functional status and clinical out-
comes following acute SCI.27,28 The contribution of individual
treatment interventions, however, has been exceedingly diffi-
cult to tease out due to the nature of and challenges associated
with rehabilitation research. Identified issues include the lack
of standardization of interventions, therapeutic doses, and out-
come measures, as well as heterogeneous populations, super-
imposed spontaneous recovery, and problems with group
assignment and active contrast for control groups.29 Compared
with interventions such as drug trials or surgical procedures,
contemporary interdisciplinary rehabilitation typically
involves the simultaneous application of multiple treatments
by multiple team members, with individual team members
having considerable professional discretion as to the nature
of delivered services. This complex milieu of multiple concur-
rent and interacting treatments makes it extremely difficult to
identify the contribution of single interventions. Consequently
rehabilitation following SCI has been likened to the proverbial
“Black Box” or even a “Russian Doll.”30
In response to the above challenges, there have been signif-
icant efforts in recent years to develop a classification system
or taxonomy for rehabilitation treatments.31 Using this para-
digm, rehabilitation treatments are organized by their known or
hypothesized “active ingredients” (mechanisms of action).30
The SCIRehab project has recently employed this taxonomy
to systematically document and quantify interventions pro-
vided by 7 rehabilitation disciplines at 6 US inpatient SCI
rehabilitation facilities.32 Practice-based research (comparative
effectiveness) of this nature will help identify specific inter-
ventions or combinations of interventions that are associated
with positive outcomes following SCI rehabilitation.
The nature and content of rehabilitation are also subject to
considerable variance depending on local context and jurisdic-
tion. Timing, type, intensity, and duration of therapies can be
driven by available funding and health care policy, as much as
by medical evidence. Similar to other types of clinical SCI
research, the heterogeneity and low incidence of SCI pose
additional challenges to accruing the required number of sub-
jects to adequately power trials.2
Acknowledging these limitations, we discuss and summar-
ize the evidence specific to our questions.
1. Does the timing of implementing a rehabilitation strat-
egy affect outcome?
Currently there are no targeted human trials that directly
assess the impact of timing on the efficacy of rehabilitation.
Observational and retrospective studies have reported an asso-
ciation between increased time from injury to rehabilitation
and poorer QoL and performance of ADLs.19-21,33,34 This sug-
gests that a delay in the initiation of specialized rehabilitation
could be detrimental.
Looking to the future, it is anticipated that there will con-
tinue to be significant barriers to performing comparative stud-
ies, as there are strong drivers for initiating rehabilitation as
early as possible. When confronted with a life-altering event
such as a SCI, patients and individuals are understandably
eager to initiate rehabilitation and begin working toward recov-
ery as soon as possible. From the perspective of health care
delivery systems, there is typically great pressure to transition
patients from acute care and initiate rehabilitation as soon as
feasible, assuming there is medical stability. This is driven by
the ongoing need to both minimize costs associated with acute
care and maintain patient flow and resource availability (eg,
acute beds) for newly injured individuals. For the above rea-
sons, a comparative trial of early versus delayed rehabilitation
would be untenable, and the timing of rehabilitation will likely
continue to be driven by medical stability and the availability
of rehabilitation resources.
Future investigations could study and compare outcomes
between jurisdictions where variations in treatment patterns
and timing of rehabilitation already exist.35 The challenge with
such an approach, however, is the need to identify and ade-
quately control for all potential confounders. This is proble-
matic due to the sheer number of potential confounders (eg,
patient, injury, clinician, center, and health scheme character-
istics) in a complex system and the fact that some confounders
are likely to remain unknown.
2. What is the comparative effectiveness of different reha-
bilitation strategies, including the intensity and duration
of rehabilitation?
For individuals with incomplete SCI, the RCT by Dobkin
et al13 suggests that BWSTT is as effective as overground
mobility training of similar duration and intensity for improv-
ing ambulation outcomes. It is not known whether there are
specific contexts and subpopulations that favor one approach
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over the other. A small RCT by Lucareli et al14 suggests that,
compared with conventional gait training, BWSTT might have
advantages for improving very specific gait parameters. It was
not shown, however, that these differences affect the degree of
required assistance and independence, nor function outside an
experimental context. Further research is needed to identify the
appropriate dose of BWSTT and potential patient subpopula-
tions who may benefit from aspects of progressive limb load-
ing, sensory input, control of posture, correction of gait
kinematics or speed, in sequence or in combination with con-
ventional therapy. A disadvantage to BWSTT is that it is a
labor-intensive approach that can require 2 to 3 experienced
therapists to manually assist the patient through the gait cycle.
In regard to upper extremity function, there is evidence
suggesting that FES is better than conventional rehabilitation
in individuals with incomplete cervical SCI; however, this evi-
dence is only from 1 center.15 This strategy warrants further
investigation to confirm its generalizability and feasibility in
diverse clinical settings. Hand function is one of the most
important priorities for individuals with cervical SCI and so
the desirable consequences of FES probably outweigh the
undesirable consequences in most settings.
Outside the above studies, there is no compelling evidence
in support of other specific rehabilitation interventions for
acute or subacute SCI. It is important to state that this does not
mean that current conventional approaches are ineffective.
Since it is universally considered unethical to withhold con-
ventional rehabilitation, studies have compared new therapeu-
tic approaches to conventional, established approaches. In this
context, we can only say that alternative approaches have gen-
erally failed to demonstrate superiority when compared with
conventional therapy in the context of acute or subacute SCI. A
possible exception is FES for upper extremity function in indi-
viduals with incomplete cervical SCI.
There are additional studies that have investigated the
efficacy of rehabilitation interventions for individuals with
chronic SCI; however, this patient population fell outside
the defined scope of this systematic review. For example,
Yang and colleagues36 found that either repetitive mass
practice or precision practice improves walking performance
in individuals with chronic SCI, and that mass practice leads
to comparatively better endurance. In another study, Field-
Fote and Roach37 demonstrated that walking speed
improved with both overground training and treadmill-
based training combined with FES to assist dorsiflexion;
however, walking distance improved to a greater extent with
overground training. It can be postulated that interventions
that have efficacy in chronic SCI could also be applicable in
acute SCI populations.
In the future, clinical effectiveness research designs and
pilot studies could be used to better define the essential ele-
ments of task-specific interventions and their mechanisms of
action, determine dose-response and timing, establish a mean-
ingful contrasting control treatment, select subpopulations
most likely to respond to rehabilitation strategies and estimate
numbers needed for multicenter studies.29
3. Are there patient or injury characteristics that impact
the efficacy of rehabilitation?
Prior studies have identified the following patient character-
istics as important predictors of outcomes following rehabilita-
tion for individuals with SCI: older age,18,19 Medicaid
enrollment (United States),19-21 work-related injury with associ-
ated compensation,19,20 and increased serum alcohol concentra-
tion at the time of injury. Several of these variables hint at the
importance and impact of social and societal factors on the out-
comes of rehabilitation. Medicaid enrollment is associated with
lower income in the United States, as it is a public program
designed for individuals whose annual income is below specific
thresholds. In regard to Workers’ Compensation, the continued
payment of benefits is often contingent on the persistence of
functional impairments and associated disability. Finally, serum
alcohol levels at hospitalization reflect preinjury behaviors and
decision-making that could contribute to an individual’s postin-
jury function, adaptability, and general well-being.
Some patient characteristics are protective and enhance
rehabilitation outcomes. Educational background has been
associated with enhanced QoL postrehabilitation.19,20 Potential
explanations for this include differences in employment and
income, social supports and marital status, adaptability, and
coping strategies. Interestingly, increased BMI has also been
associated with increased QoL.19,20
Not surprisingly, parameters that reflect injury severity have
been associated with poorer outcomes following rehabilitation.
These include lower FIM motor scores,19,20,25 lesion complete-
ness,22,26 SSEP characteristics,26 time from injury to rehabilita-
tion,19,20,25 and increased severity as measured by International
Standards for the Neurological Classification of SCI.6,19,20,26
Patient and injury characteristics have important implications
for rehabilitation and influence the selection of patients most
likely to respond to a specific treatment strategy. Response to
treatment strategies may vary depending on factors such as age,
comorbidities, pattern of impairment/spared function, time post-
injury, natural history of change over time, and compensation
and accommodation of impairments or disabilities.
4. What is the evidence that one rehabilitation strategy is
more cost-effective compared with a different strategy?
Despite the intensive resources and associated costs of SCI
rehabilitation, there have been no studies comparing the cost-
effectiveness of different strategies and approaches. In addi-
tion, even when one sets aside costs, there is still a relative
dearth of studies that objectively assess the efficiency of dif-
ferent rehabilitation methodologies for SCI.27 It will be impor-
tant to assess cost-effectiveness in future trials, as this will
inevitably affect feasibility and widespread adoption.
Conclusion
Rehabilitation plays a central role in maximizing function and
facilitating community reintegration following SCI. The results
of this rigorous, systematic review reveal, however, that the
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evidence base is limited for many fundamental questions
related to rehabilitation following acute and subacute SCI.
These knowledge gaps include the timing of rehabilitation,
nature of rehabilitation (specific interventions), therapeutic
dose (intensity, frequency, duration), role and impact of patient
and injury characteristics, cost-effectiveness and efficiency of
alternative interventions. As discussed, this is largely attribu-
table to the challenges and barriers associated with assessing
efficacy of concurrent treatments administered by multiple
interdisciplinary team members. Recent studies have begun
to address identified methodological challenges. Future studies
will need to build on these efforts in order to establish and
expand the evidence base for rehabilitation after SCI.
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